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(54) Compensation system for a machine tool

(57) A compensation system for a machine tool (50)
provided with a crosspiece (51) supported by uprights
(62, 63) and slidably supporting an operating head (60)
along a first direction (Y), comprises a further crosspiece
(2) having opposite ends (3, 4) fixed to side portions (52,
53) of said crosspiece (51) adjacent to said uprights (62,
63) and connected to a central portion (54) of the cross-

piece (51) by actuating means (11, 12). The latter exerts
on the central portion (54) a pair of compensation forces
(Fc) that are adjustable and such as to generate on the
crosspiece (51) compensation torque (Mc) that is able to
limit and/or control a rotation and/or a tilting of the oper-
ating head (60), in particular following a torsional defor-
mation of the crosspiece (51) caused by the weight of
said operating head (60).



EP 2 412 475 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to machine tools,
in particular it refers to a compensation system that is
applicable to machine tools of large dimensions of the
type of a portal with a crosspiece for compensating tor-
sions of the crosspiece.
[0002] Known portal machine tools with a crosspiece
substantially comprise a crosspiece supported or guided
at the ends by two uprights, or columns, that are spaced
apart from one another and placed on the sides of a sup-
porting table on which the workpieces are positionable.
On the crosspiece an operating head is slidingly mounted
by a respective carriage, the operating head is generally
provided with a vertical working axis that is perpendicular
to the supporting table.
[0003] The crosspiece can be fixed or movable; in the
latter case it is mounted slidably on linear guides that are
fixed to the uprights and is driven vertically by movement
members that typically comprise movement screws driv-
en by respective motors.
[0004] The operating head is mounted via the carriage
on guides of the crosspiece and is movable horizontally
along the latter. The operating head and the correspond-
ing carriage constitute a cantilevered load that causes
both torsional and flexure stress to the crosspiece. In
particular, the torsional stress is due to the distance be-
tween the centre of gravity of the carriage-head unit and
the longitudinal neutral axis of the crosspiece, on a ref-
erence plane that is vertical and orthogonal to the afore-
said neutral axis.
[0005] In the case of machine tools of large dimensions
in which the weight of the carriage-head unit is very great
(typically by one order of magnitude that is greater than
the thrusts exerted by the operating head on the work-
pieces during machining), torsions of the crosspiece are
inevitable however stiff the structure of the crosspiece is.
The torsion angle is variable in function of the position of
the carriage-head unit along the crosspiece, being great-
est when said unit is in the centre of the crosspiece (i.e.
further from the uprights) and least when it is at the por-
tions of the crosspiece connected to the uprights. The
angle of torsion of the crosspiece affects the precision of
the machinings as it causes a rotation of the machining
axis of the operating head, which is no longer vertical
and orthogonal to the supporting table, but tilted. The
tilting of the machining axis causes geometrical errors in
the machinings performed on the workpieces and oper-
ating problems in the tools (for example, drafting prob-
lems in the case of milling units). Rotations of the car-
riage-head unit and thus of the vertical machining axis
(on the reference plane vertical and orthogonal to the
neutral axis of the crosspiece) are also possible because
of errors in the planarity of the guides of the crosspiece
along which the carriage slides.
[0006] Fixed compensation systems are known that
for example provide cables or ropes acting on the cross-
piece, which is generally fixed, in such a way as to gen-

erate torsion torque that opposes and balances the tor-
sion torque generated by the weight of the carriage-head
unit when the latter is positioned in the centre of the cross-
piece. The aforesaid systems are not, however, able to
compensate satisfactorily for the torsion of the cross-
piece when the carriage-head unit is in other positions
(for example near the ends of the crosspiece) or when
the weight thereof varies in function of the accessory
heads applied to the operating head. Further, these sys-
tems cannot compensate for possible planarity errors of
the guides of the crosspiece.
[0007] An object of the present invention is to improve
known compensation systems for machine tools of large
dimensions of the portal type with a crosspiece, in par-
ticular in order to compensate for torsions of the cross-
piece caused by the weight of an operating head asso-
ciated therewith.
[0008] Another object is to provide a compensation
system that enables torsion of the crosspiece to be min-
imised and thus rotation of the operating head to be lim-
ited, whatever the weight and/or the position of the latter
on the crosspiece.
[0009] A further object is to obtain a compensation sys-
tem that enables possible errors of planarity of guides of
the crosspiece to be compensated so as to avoid, or at
least limit, possible rotations and/or tilting of the operating
head.
[0010] Still another object is to make a compensation
system that enables a tilting of a machining axis of the
operating head to be varied and adjusted, such as to
optimise the operation of the tools on the workpiece
and/or the surface finish thereof.
[0011] Another further object is to make a compensa-
tion system having a simple and compact structure, re-
liable operation and which is easily applicable to machine
tools, also already existing ones.
[0012] These objects and still others are achieved by
a system, a method and an apparatus made according
to one or more of the claims set out below.
[0013] The invention can be better understood and im-
plemented with reference to the attached drawings,
which show an embodiment thereof by way of non-limit-
ing example, in which:

Figure 1 is a front view of a machine tool with portal
with crosspiece with which the compensation system
of the invention is associated;
Figure 2 is a rear schematic view of the machine tool
and of the compensation system in Figure 1;
Figure 3 is an enlarged perspective view of the com-
pensation system in Figure 1;
Figure 4 is an enlarged perspective view of the com-
pensation system associated with the crosspiece of
the machine tool in Figure 1;
Figure 5 is an enlarged partial section according to
line V-V in Figure 2 that illustrates forces and mo-
ments acting on the crosspiece of the machine tool,
in one operating configuration;
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Figures 6 and 7 are schematic side views of the ma-
chine tool in Figure 1 in an operating condition with
the compensation system respectively activated and
non-activated.

[0014] With reference to figures 1 to 7, with 1 there is
indicated a balancing system applied to a portal machine
tool 50 of large dimensions provided with a crosspiece
51 supported by uprights 62, 63 and slidably supporting
an operating head 60 along a first horizontal direction Y.
The crosspiece 51 is further movable along a second
direction Z that is vertical and orthogonal to the first di-
rection Y on a first upright 62 and a second upright 63,
arranged parallel and spaced apart on the sides of a sup-
porting table 65 of the workpieces.
[0015] The operating head 60 further comprises an op-
erating part 61 that is movable along a machining axis
W that is substantially parallel to the second direction Z.
[0016] In a variant of the machine tool 50, which is not
illustrated, the crosspiece 51 is fixed stiffly to the uprights.
[0017] The crosspiece 51 is moved in the second di-
rection Z by movement means of known type that is not
illustrated, inserted inside the uprights 62, 63 and com-
prising, for example, movement screws driven by respec-
tive rotating motors.
[0018] With particular reference to Figures 2, 3 and 4,
the balancing system 1 comprises a further crosspiece
2, a so-called counter-crosspiece, having opposite ends
3, 4 fixed to side portions 52, 53 of the crosspiece 51 that
are adjacent to the uprights 62, 63. The further crosspiece
2 is further connected to a central portion 54, or middle
portion, of the crosspiece 51 by actuating means 11, 12.
[0019] The ends 3, 4 of the further crosspiece 2 and
the actuating means 11, 12 are connected, in the em-
bodiment illustrated in the figures, to a rear side 55 of the
crosspiece 51 that is opposite a front side 56 having guid-
ing means 57, 58 that slidably supports the operating
head 60.
[0020] In one variant of the machine tool 50, which is
not illustrated, the compensation system 1, i.e. the ends
3, 4 and the actuating means 11, 12, can be fixed to an
upper side or a lower side of the crosspiece 51, for ex-
ample substantially orthogonal to said front side 56.
[0021] The actuating means 11, 12 is arranged for ex-
erting on the central portion 54 of the crosspiece 51 a
pair of compensation forces Fc that are adjustable and
such as to generate on the crosspiece 51 compensation
torque Mc that is able to limit and/or control a rotation
and/or tilt of said operating head 60 (on a vertical refer-
ence plane A that is orthogonal to the first direction Y and
parallel to the second direction Z) and more precisely
torsional deformation of the crosspiece 51 caused by the
weight of the operating head 60 and by a position thereof
along said first direction Y, as explained better further on
in the description. The compensation forces Fc are or-
thogonal to the first direction Y. In the embodiment illus-
trated, the compensation forces Fc are also parallel to a
third direction X that is orthogonal to the first direction Y

and to the second direction Z (Figure 5).
[0022] The actuating means comprises first actuating
means 11 and second actuating means 12 fixed to a me-
dian portion 5 of the further crosspiece 2 at a reciprocal
first distance d1 along a direction that is orthogonal to the
first direction Y, such as to exert on the crosspiece 51
the pair of compensation forces Fc of equal intensity and
opposite direction. The compensation forces substantial-
ly lie on a vertical plane A that is orthogonal to the first
direction Y and parallel to the second direction Z. Said
plane A substantially coincides with the centre plane H
of the crosspiece 51 when, as in the embodiment illus-
trated, the first actuating means 11 and the second ac-
tuating means 12 are equidistant from the ends 3, 4. The
further crosspiece 2 has, for example, closed quadran-
gular tubular section.
[0023] Fixing elements 7, 8 are provided for locking
the ends 3, 4 of the further crosspiece 2 on the external
portions 52, 53 of the crosspiece 51. Each fixing element
7, 8 comprises a boxed body 7a, 8a of elongated shape,
arranged transversely to the further crosspiece 2 and pro-
vided with a central through seat 7b, 8b that is suitable
for housing and locking the respective ends 3, 4 of the
further crosspiece 2. The boxed body 7a, 8a is fixed to
the respective external portion 52, 53 of the crosspiece
51 by a fixing plate 7c, 8c that extends of the entire width
of the rear side 55.
[0024] The fixing plate 7c, 8c is, for example, bolted to
the crosspiece 51.
[0025] It should be noted that the connecting portions
52, 53 of the crosspiece 51 as they are adjacent to the
uprights 62, 63 do not undergo torsional deformation and
thus constitute a stiff support to which the compensation
system 1 is able to transmit the reaction forces generated
by driving of the actuating means 11, 12.
[0026] The system further comprises a supporting el-
ement 6 fixed to a median portion 5 of said further cross-
piece 2 and arranged for housing the actuating means
11, 12.
[0027] The supporting element 6 also comprises a re-
spective boxed body 6a arranged transversely to the fur-
ther crosspiece 2 and provided with a respective through
seat 6b that houses and locks the median portion 6.
[0028] The supporting element 6 is not fixed to the
crosspiece 51 but spaced away from the rear wall 55
thereof, for example by a few centimetres.
[0029] To the opposite ends of the supporting element
6 the first actuating means 11 and the second actuating
means 12 are respectively fixed that act on the central
portion 54 of the crosspiece 51 respectively at an upper
part 55a and a lower part 55b of the rear side 55.
[0030] The first actuating means 11 and the second
actuating means 12 comprise, for example, respective
hydraulic cylinders, having in the embodiment illustrated
a horizontal axis, i.e. parallel to the third direction X, and
being of the single-effect type. The hydraulic cylinders
are substantially interposed between the supporting el-
ement 6 and the crosspiece 51 and fixed in such a manner
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as to exert the compensation forces Fc. In particular, the
hydraulic cylinder of the first actuating means 11 work in
traction and tends to move the upper part 55a of the
crosspiece 55 towards the supporting element 6, whilst
the hydraulic cylinder of the second actuating means 12
works in compression and tends to move the lower part
55b of the crosspiece 55 away from the supporting ele-
ment 6. The hydraulic cylinders are, for example, of the
single-effect type.
[0031] The number of hydraulic cylinders of the first
actuating means 11 and of the second actuating means
12 can obviously be greater than one, the operation of
the compensation system 1 being substantially the same.
The hydraulic cylinders can also be of the dual effect type
to exert selectively compression or traction forces on the
crosspiece 51.
[0032] As illustrated in detail in Figure 5, which illus-
trates a cross section of the crosspiece 51 and of the
compensation system 1 along the centre plane H of the
crosspiece, the first actuating means 11 and the second
actuating means 12 in one operating condition exert on
the rear side 55 of the crosspiece 51 at the central portion
54 thereof respective compensation forces Fc having
equal intensity and an opposite direction in such a man-
ner as to generate on the crosspiece 51 compensation
torque Mc. In particular, it should be noted that the com-
pensation force Fc exerted by the hydraulic cylinder
(which works in traction) of the first actuating means 11
on the upper part 54a of the crosspiece 51 and the com-
pensation force Fc exerted by the hydraulic cylinder
(which works in compression) of the second actuating
means 12 on the lower part 54b of the crosspiece 51 are
parallel forces, of equal intensity and in an opposite di-
rection, that placed at the first distance d1 generate com-
pensation torque Mc that tends to rotate the crosspiece
51 clockwise with reference to Figure 5.
[0033] This (clockwise) torsional rotation originating
from the compensation torque Mc can be effectively used
to compensate comparable rotation in an opposite (an-
ticlockwise) direction caused by decentred weight force
Fte of the operating head 60. The centre of gravity G of
the latter, as arranged at a second distance d2 from the
neutral longitudinal axis N of the crosspiece 51 (this neu-
tral axis being parallel to the first axis Y in an ideal load-
free condition), in fact generates load torque Mt that caus-
es at least one rotation of the crosspiece 51 and thus of
the operating head 60. As known, following this rotation
the machining axis W is no longer parallel to the second
direction Z, i.e. orthogonal to the horizontal plane of the
supporting table 65. This torsional deformation is illus-
trated in an accentuated manner in Figure 6, which illus-
trates the rotation or tilting to which the operating head
60 is subjected following torsion of the crosspiece 51.
[0034] The compensation system 1 further comprises
controlling means that is of known type and is not illus-
trated, for example associated with a controlling unit of
the machine tool 50, to control the size of the compen-
sation forces Fc exerted by the actuating means 11, 12,

typically by adjusting the pressure of the fluid that drives
the hydraulic cylinders.
[0035] In this manner, by suitably programming the
controlling means, it is possible to adjust the intensity of
the compensation forces Fc in function not only of the
weight of the operating head 60 and/or of the accessories
(accessory heads) mounted thereupon, but also in func-
tion of a position thereof along the first direction Y. The
torsion of the crosspiece 51 is in fact maximum when the
operating head 60 is at the central portion 54 and mini-
mum or nil when the operating head 60 is at the connect-
ing portions 52, 53 of the crosspiece 51, connected to
the uprights 62, 63.
[0036] In each operating position of the operating head
60 it is thus possible to perform optimal compensation of
the torsion of the crosspiece 51 avoiding rotations of the
operating head 60 and maintaining the machining axis
W vertical. In Figure 7 there is illustrated a possible de-
formed configuration R (with the operating head 60 that
is rotated) that the crosspiece 51 can adopt if the com-
pensation system of the invention is not activated.
[0037] It is further possible, owing to the compensation
system 1 of the invention, to correct and compensate
possible planarity errors of the sliding guides 57, 58 of
the operating head 60, generating suitable torsional ro-
tations of the crosspiece 51 in function of the tilting of the
machining axis W. Similarly, the compensation system
1 can also be used to vary voluntarily the tilting of the
machining axis W and improve the performance of the
tools and/or the surface finish of the workpiece. For ex-
ample, if the operating head 60 comprises a spindle pro-
vided with a milling tool, the system 1 can act as an an-
tidrafting system to increase or decrease the tilting of the
tool axis (machining axis Z) with respect to the direction
orthogonal to the advancement direction so that the
blades of the tool are in contact with the workpiece only
in the front zone and are slightly detached from the rear
zone in order to obtain a better surface finish.

Claims

1. Compensation system for a machine tool (50) pro-
vided with a crosspiece (51) supported by uprights
(62, 63) and slidably supporting an operating head
(60) along a first direction (Y), characterised in that
it comprises a further crosspiece (2) having opposite
ends (3, 4) fixed to side portions (52, 53) of said
crosspiece (51) adjacent to said uprights (62, 63)
and connected to a central portion (54) of said cross-
piece (51) by actuating means (11, 12), said actuat-
ing means (11, 12) being arranged for exerting on
said central portion (54) at least a pair of compen-
sation forces (Fc) that are adjustable and such as to
generate on said crosspiece (51) a compensation
torque (Mc) that is able to limit and/or control a rota-
tion and/or tilting of said operating head (60), in par-
ticular following torsional deformation of said cross-
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piece (51) caused by the weight of said operating
head (60).

2. System according to claim 1, wherein said pair of
compensation forces (Fc) are adjustable in function
of a position of said operating head (60) along said
first direction (Y) and/or of a weight of said operating
head (60) and of accessories mounted thereupon
and/or of planarity errors of guiding means (57, 58)
of said crosspiece (51) slidably supporting said op-
erating head (60).

3. System according to claim 1 or 2, wherein said ac-
tuating means comprises first actuating means (11)
and second actuating means (12) fixed to a middle
portion (5) of said further crosspiece (2) at a recip-
rocal first distance (d1) along a direction substantially
orthogonal to said first direction (Y) so as to exert on
said crosspiece (51) said pair of compensation forc-
es (Fc) that are parallel, of equal intensity and in an
opposite direction.

4. System according to claim 3, wherein said first ac-
tuating means (11) and said second actuating means
(12) comprise respective hydraulic cylinders.

5. System according to any preceding claim, wherein
said ends (3, 4) of said further crosspiece (2) are
fixed to, and said actuating means (11, 12) act on,
a rear side (55) of said crosspiece (51), said rear
side (55) being opposite a front side (56) having guid-
ing means (57, 58) for slidingly supporting said op-
erating head (60).

6. System according to any preceding claim, wherein
said first actuating means (11) exerts on said central
portion (54) a respective compensation force (Fc)
that is suitable for moving said crosspiece (51) to-
wards said further crosspiece (2) and said second
actuating means (12) exerts on said central portion
(54) a respective compensation force (Fc) that is suit-
able for moving said crosspiece (51) away from said
further crosspiece (2).

7. System according to any preceding claim, wherein
said compensation forces (Fc) substantially rest on
a plane (A) that is vertical and substantially orthog-
onal to said first direction (Y), in particular a central
plane (H) of said crosspiece (51).

8. System according to any preceding claim, compris-
ing a supporting element (6) fixed to a middle portion
(5) of said further crosspiece (2) and arranged for
housing and supporting said actuating means (11,
12).

9. System according to any preceding claim, compris-
ing fixing elements (7, 8) arranged for locking said

ends (3, 4) of said further crosspiece (2) to said side
portions (52, 53) of said crosspiece (51).

10. System according to claim 9, as appended to claim
8, wherein said further crosspiece (2) has a closed
tubular section and said supporting element (6) and
said fixing elements (7, 8) comprise respective
boxed bodies (6a, 7a, 8a).

11. Portal machine tool (50) provided with a crosspiece
(51) supported, in a fixed or slidable manner, by up-
rights (62, 63) and slidably supporting an operating
head (60), said machine tool comprising a compen-
sation system (1) according to any preceding claim.
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